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This report contains a num.-a-.ry ot the dove lo P **nt »t at us ot It h« 
t<r tyt on led o?e Power System HUPS'. A l .VO »rouno development 

unit was built and tested in a 10 « ot r vacuum environment. 

Per tor stance maivnvj <nd 1000 hours ot “proot ot concept " system 
t)**lirvq **«*io eiw»pl#t *d. 

SiM*ci i ic eonu'enont 8 , pr imar.lv t u. boconpross,.. alt.-rnat or and 
,,-ouc. rato developed by the N\SA t « on a IS year techneUviy base. 

‘ burned according to predictions, thus achieving the design 
^oal ot 2*. pet cent net power conversion ettiriemv. 

The ays.es, was fabricated '>'« suj«otaUoy ‘Haste! lev and 
w.sea’cvi thus placing it entirely within cut vent sl V 

technology. The system could be rtyable m uw «.ui> 
flight »|ual it i»*.it ion. 
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SUMMARY 


A closed Brsyton systea, producing 1200 watts of electrical 
power# was designed# fabricated and tested under joint sponsor- 
ship of the NASA Lewis Research Center and the Departaent of 
Energy as the initial step toward space utilisation of high effi- 
ciency dynaaic po we r conversion equipaent. 

The hot components were fabricated from super alloy 
(Hastelloy-X and Maspaloy) thus piling the systea entirely with- 
in current state of the art technology. The systea would be fly- 
able in the early 1980's pending flight qualification. 

Specific coaponents# primarily turbocoapressor /alternator 
and recuperator# developed by the NASA froa a 15-year technology 
base, perforaed according to predictions# thus achieving the 
design goal of 25 percent net power conversion efficiency. 

Performance napping and 1000 hours "proof of concept" systea 

testing were completed in a vacuum chamber providing a 10“ 5 torr 
range simulated space environment. 
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INTRODUCTION 


. % 


••n».. T ll e 4 8 f** t0n Iaoto P* Systea program, or BIPS, rapre- 

ulilli «Sl nt I* nfcure by the NASA "«««ch Center and the 

n!!rif« s . tat f® Department of Energy to put into space the first 

power#d power conversion systea. A con- 

rur^L fli9ht ** shown in Figure l. NASA developed 

turb^oapressor/'aiternator, recuperator and two multi-hundred 
iaoto P« h«*t source assemblies are to be coaibined with a 
aoiator, controls* ducting and insulation to comprise a 1 10 ON 
llVi*" ada P tabl * to * variety of future space missions. A sche? 

“ yst t" U 8hown in Fi9ure 2 ' and **<* performance 
specification is shown in Table I. 

will F £I a*\* fli 2 ht system (early 1980's) , Hastelloy-X 

Hii h.„^ ul * n ** d *° r th * ho * components: heat source heat 

exchanger* turbine inlet plenum and connecting ducting. The 

lit A A 1°" Hastell °y' x » an extensive industrial history 

f” d data base, assures a state-of-the-art systea and accurate 
predictions of life ano reliability. 

_ * bi f baseline superalloy systea has considerable growth 
potential. As user experience and a broader data base are 
obtained with refractory materials such as Coluabiua c-103, the 
urbine inlet temperature could be increased to lt»00 # F with an 
attendant increase of several points in efficiency or a reduction 
K?nf y l^ m wc “ ?h l t * Several prototype components including a tur- 
fr "* c l fn j* h ° at Sourco hcat °*changer have been fabricated 
r‘° 3 * h ° 1,80 ° l os * rawU ' s «*uld allow cv higher oper- 
ating temperatures and an additional performance increase. 

DroviIiiV?^ nt t l h V l ' om P 1 ** tv '‘ d *»»* Phase 1 program did not have 
exchlnueT „ 1 ^ luftlon °* th «* superalloy heat source heat 

th£ h /!X*\ , H HX OI * Prototypical radiator. Consequently. 

heaters to. 'L'T utilircd electrical resistance 

o X , boa source and a gas to liquid heat exchanger 

i?ni mn. , L ***** l ‘° n * V"*** together with the 

Hini-BRU turbvvompressor and recuperator, control system, duct- 
ing, multi-foil insulation and instrumentation comprised a work- 

STuoef.'urSSr 7r ° ’• *« 1200 E«. 

at i «uu r turbine inlet temperature. 

April T and 7 i ^ ^ "oura to.tinq batwaen 6 

with no system problems. The turbine inlet 
temperature was maintained near 138S*F for the first 700 hours 
then 1 1 educed to U00*F during the last 300 hours to prevent eiec- 

reVn C h’a trii ' t <‘«»nals. Electrical load 

was vat IM (tom 0 to 4 '00 watts. 
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Performance evaluation revealed the system design point 
efficiency to be 24.5 percent as shown in the test data plot of 
Figure 4. 

, descriptions of the major existing components and 
details of the 1000 hour test are contained in the following sec- 
tions. ^ 
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Figure 1. -1.3 kW^ Bray ton Isotope Power System in Space. 
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Figure 2. -Hrayton isotope Power System (HIPS). 
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TABLE I- “BITS DESIGN SPECIFICATION 


Design Life 


7 years 


Electrical Power Output 


Output Voltage 


5 years 
7 years 


1300W 

- 1235 

- 1200 N 


120 V dc 


Specific Power 
Physical Characteristics 
Length 
Diameter 
Weight 


Optional: 67 V ac # L-N, 3 phase 

1733 Ns 

Optional: 28 V dc 

6.4 W e /kg (2.9 W^/lb) 


244 cm (96 in.) 
152 cm (60 in.) 
204 kq (450 lb) 


Power Onwersion Efficiency 25 percent minimum 

\Wt ) 

Design Heat Sink Temperature 216*K (-70*K) 

General Specif icat ions 

° Spa«"sSut l u' 1 ' CtriCa! ' • ,nd Th '‘ r '"'” Int<,rf '" I'omp.tiMP with 

O Reliability - 0.05 for 5 years 

° Meteroid Protection in Accordance with NASA SPP013) 

o Shock Design Criteria for Component Mounts « 50g? Support 
Structure * ' 5g ’ 1 

o Resonant Frequency > 60 H;* 

o Vibration Dc iqn Criteria Compatible with Shuttle IPS Launch 
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The turbine plenum design is such that either Superalloy 
or C-103 configurations May be heremetically joined with no other 
changes to the unit. The C-103 turbine plenim is shown in 
Figure 0. The turbine plenum together with the alternator 
housing and compressor shroud are the only three parts separated 
during assembly and disassembly thus minimising the requirement 
for leak testing after hermetic seal welding. 

Component development tests were conducted on the compressor 
stage, the turbine stage, the alternator and the bearings to ver- 
ify the design parameters. A summary of the pertinent perfor- 
mance parameters is provided in Table II. 

The complete analysis, design, fabrication and testing of 
the Mini-BRU is presented in Reference 1. 
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Figure 5 . -Mini-BRU Flexible Modular Approach. 





Figure 6. -Minx-bRU Cutaway. 







TABLE II.- MINI -BRU COMPONENT SPECIFICATIONS 


Compre ssor 

Type - Radial Outflow 

(backward cut ved vanes) 
Diameter in, - 2.12 

Pressure ratio - l.t>2 
Corrected I low lb,' sec - 0.10) 
Efficiency, t-77 
Life - unlimited 

Tu rbine 

Type - Radial Inflow 
Diameter, in. - 2.B4 

Tip Speed, It /sec - 644 
Corrected flow, lb sec - 

o.o^m 

Inlet temp, 15 R - 1 84**- .’OLO 

El t ieiene^ %-8 *.t» 

1 . i t ** - uni :ru t ed 

A» t or nat ot 

Ty|»o - Kit’i' 

D i ame t e t , in. - l . *» 0 
Tip speed, ft sec .”'0 
Powei output - MH1-- .’1 00 watts 
Numbet polos - 4 
Life- unlimited 

Journal beat uujs 

Type - Conti l voted toil 

Di amet et , in. 1 . 0 IB 

Powet It'S!'-, watts - 4S |-oi be. 1 

Load capacity -- U5 minimum 

f.ubt leant - Xe-lle 

I.Ue - 10 years 


Thrust Beari ngs 

Type - Cantilevered Foil 
Diameter, in. - 1.80 
Power Loss, watts - 110 per 

side 

Load capacity - 6 G minimum 
Lubricant - Xe-lle 

Life - 10 years 

Recv.^c r a tor Heat Exchanger 

Type - Counter f low PI ate- fin 
Si/e in. - 22.6L x 10. 9H x 
S.8N 

Total pressure drop LP, 1.1% 
Hot side inlet temp, °R 
- 1 f »hQ-l 7V> 

Design Average Effectiveness; 

Lite - 200 start cycles ot 10 
yea i s 


beat bootee Heat Exchange! 

Type - One Pass Helical Coil 
No coils - 10 

Tube diameter, in. ~ 1 . M' 
Tube wall thickness, in. - 0. 
Dischatge temp, ° K - lH r >) 

Lite - 10 years minimum 


i no 



RECUPERATOR 


Concept 



The B1PS recuperator was an evolution of 1 S years of NASA- 
Lewis sponsored technological development. The design approach 
involved the development of a modular unit which could he com- 
bined with the all purpose Mini-BRU in appropriate configurations 
to meet the system performance requirements. The analysis, 
design and fabrication of the recuperator is presented in Refer- 
ence 2. 

The primary design goals included high reliability, realis- 
tically achievable performance and minimum weight. Low cycle 
fatigue from repeated startup and shutdown cycles was identified 
as the critical structural design problem. The design goal 
entailed 100 thermal cycles (220 cycles were analytically pre- 
dicted) . 

Conf igurat ion 

The recuperator is of welded and brazed construction and is 
fabricated entirely of Hastel loy-X. The internal configuration 
is a pure counter! low plate-tin arrangement as shown in Figure Q. 
Other pertinent patameters aie given in Table 11. Palniro v gotdl 
alloys are used to braze the assembly into a leak tight configu- 
ration. 

Thermal tests conducted with ait as the working fluid indi- 
cated that the unit met or exceeded it: - , pertoimance goals. Both 
the predicted effectiveness and theimai conductance (UA) wet e 
exceeded. This was subsequently vet it ted in the BITS loop test- 
ing where an overall average effectiveness ot . r > percent was 
attained. 

A full scale prototype recuperator was subjected to 200 
thermal cycles. After 100 cycles there was no external leakage 
and a minute amount of internal bypass flow. At ter 200 cycles 
there was still no external leakage, internal bypass flow had 
increased to about 0.2 percent ot the total Mow which would be 
negligible from the point ot view ot recuperator \ .'rtormance. 

The recuperator configured tor assembly into the RIPS will, is 
shown in Figure 10. 







HEAT SOU RCE ASSEMBLY 
Concept 

The isotope heat source foi the BIPS was modeled after the 
highly successful Radioisotope Thermoelectric Generator (RTG) 
multi-hundred watt heat source assembly (HSA) utilized in the 
Mars-Jupi ter-Saturn missions. 

For adaptation to the closed cycle BIPS, a C-103 axial flow 
heat exchanger was designed and fabricated by the General 
Electric Company (Reference 3). A cutaway isometric view of the 
HSA is shown in Figure 11. Heat is generated by the plutonium 
fuel spheres, conducted through a graphite containment cylinder 
and radiated to the heat exchanger. The heat exchanger in turn 
is enclosed by some 60 layers of thin multi-foil insulation which 
serves a dual function. In addition to limiting heat loss to the 
outside, the multi-foil acts as an agent of the emergency cooling 
system. If the unit temperature exceeds a certain threshold, the 
multi-foil layers will commence ■ lting until an equilibrium is 
reached; the heat will then be radiated to the surrounding 
env i ronment . 


Super alloy System 

For the baseline super alloy system, a Hastelloy-X heat 
source heat exchanger was designed and fabricated (Reference 4). 
A simple helical coiled tube, shown in Figure 12, was employed 
for the cycle gas heat exchanger. The maximum metal temperature 
employed in the decign of this heat exchanger was 1450°F which is 
compatible with the 7 year life requirement. Performance para- 
meters and data relative to the design are provided in Table II. 
The heat exchanger coil, assembled into the HSA, (with the end 
dome removed) is shown in Figure 1J. 

Due to scheduling limitations during the Phase 1 program, 
the coiled tube HSA assembly was not installed and tested in the 
loop. Instead a simple electrical resistance heated configura- 
tion was employed tor the workhorse loop tests. 
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OIOT m TESTS 


J'J'Vmc ca ^*l'‘rof C ?0 d -* n tor? P * C TM, ly devel °P*<* vacuum chamber 
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The firsf Krt*- 


EriS«S& 

”obab” n ca C u« d of °f a t/urT « 

Miw -= K Sj=i 

£>«u' d hrrS-'f 1 ^rSy^ *" -- 

9 an operational life of seven or more Va'r" ‘ f r ‘ ‘ ^ 

Febr uary ^1*978 ? Ce A t system e eff C '° ndUCted fro ” November 1977 th 
“ ** U85 * P totb^n^fniet ^temperature^ ^ «• ..‘M 

^«£KS>^ ,h - ■« <«• 

-‘ d r-SS 

uo^ bA viHlS °i° f E - y l "~« «r v»* r dis - 

^ r i n o 9 U 8 e t t h 8 ru a .7 8 i f M and 

abnormal wear or ni ateS i *® ®bown in Piqure l c pho * f °9 ra P h of the 
i nas c) j n ki , degradation was evident . * unusual or 

ing zone A fr^ ^ nishin 9 (normal) had o ccu - r ed" < * f ! k ° n the bear- 
P~<.er":. f 8 r ™J^“9-oa atart-upa. TfnTJ"^ }°£ ««*- 
•"(grated throuqh the or^if 6 turb ine end foils Thi^l flne ^carbon 

tion continuitv/nrL ^° ling gas circuit from I t-JJl ‘1 carbon bad 
totaH nn _ y/ground probe at tha ^ test instrumenta— 

rotating group. F at fc be compressor end of the 
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the f u.t ^OO b ho'urL n o!\est^^ tU r D rX “‘"“‘"T' « 1385-F for 
on the terminals of fh* A Problem with electrical arcing 

temperature to 1100°F for the ^Yas^ ^'fuT^ 8 forced a reduction in 
perature was increased to 14C0*F at III nTJ' , The c turbin * tern- 
verify that no unit deterioration Sf * conclusion of the test to 
bearing temperature obSe^ed durTno °^ cu ^ red - The maximum 
compressor journal bearing career 9 ^ * aS 253#F at the 
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CLOSURE 


OV " the -« se veral 

development into a fn~u*. r a v i*ble system for 

operation in space. 


ranee together with 
unattended operation. 


. a flight configuration caSSf*" 5°" further 

"f* Ifc represents the onlv k!fo ie J 3 * sustained 

demonstrate the reouirea y k ? n dynamic space 

with the simplify n»o Perf ° rmance and ®ndu- 
ion ®*«np A icity necessary for ...n-iT 
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